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Many of  t h e  e t h i c a l ,  l e g a l ,  and t echn ica l  problems assoc ia ted  wi th  
'j 
prov id ing  a new h e a r t  t o  a dying p a t i e n t  h a v e h e e n  overcome and many cardiac 
fLomotransplantations have been performed success fu l ly  i n  man. The poor 
long  term s u r v i v a l  of t h e s e  p a t i e n t s  i s  r e l a t e d  t o  t h e  immunologic r e j e c t i o n  
process .  T h i s  r e l a t i o n s h i p  may b e  d i r e c t  with t h e  r e j e c t i o n  damaging t h e  
myocardium s o  e x t e n s i v e l y  t h a t  t h e  organ cannot func t ion  adequately.  More 
-. 
. o f t e n ,  I~owever, t h e  p a t i e n t  succumbs t o  overwhelming i n f e c t i o n  whi le  on 
- jimmunosuppressive medication which i s  given t o  prevent  or  modify t h e  r e j e c t i o n  
process .  .The a i m  i n  long tern? management then i s  t o  keep a balance  between 
\ - 
t h e  t h r e a t s  of in - fec t ion  and r e j e c t i o n  by using t h e  loves t  dosage of im,uno- 
s u p p r e s s i v e s . ~ ~ h i c h  permit  t h e  p a t i e n t  t o  t o l e r a t e  t h e  fore ign t i s s u e .  Ex- 
per imenta l  and c l i n i c a l  d a t a  suggest  t h a t  the  acu te  r e j e c t i o n  process  i s  most 
e a s i l y  abor ted  w i t h  t h e  l e a s t  r e s i d u z l  damage when l a r g e  dose i ~ u n o s u p p r e s -  
sives a r e  g iven  i n  t h e  e a r l i e s t  phases of t h e  r e j e c t i o n  episode (1-4). The (r 
d e t e c t i o n  of t h e  e a r l i e r  s t a g e s  of an acu te  r e j e c t i o n  episode cont inues  to b e  
an important  problem. The need t o  d e t e c t  t h i s  r e j e c t i o n  process  a t  i t s  in- 
- - .. 
c e p t i o n  b e f o r e  i r r e v e r s i b l e  changes zippear suggested t o  us t h e  use  of  pulsed  
r e f l e c t e d  u l t r asound  f o r  evaluat ing '  t h e  movements of t h e  w a l l s  and theLr 
t h i c k n e s s  i n  t h e  t r a n s p l a n t e d  h e a r t s  of our p a t i e n t s  pos topera t ive ly .  
T h e s e ' s t u d i e s  d e a l  w i t h  twelve p a t i e n t s  r ece iv ing  c a r d i a c  transplanrnation 6 
. 
at Stanford  Univers i ty  H o s p i t a l  from June 1968 u n t i l  Ju ly  1969. The crlteria 
fb; r e j e c t i o n  by which t h e  u l t rasound d a t a  were judged included repeated  4 
3 .  . 
c l i n i c a l  examinations, phonocardiography t o  document ga l lops  and rubs ,  s u m ~ a t i o n  
- -& ' 
of QW v o l t a g e  i n  a s t andard  set of e lec t roca rd iograph ic  l e a d s ,  e p i c a r d i v l  ECG '# 
' . 
- vol tage ,  s e r i a l  de terminat ions  of numerousSerum enzymes and s e r i a l  ches t  X-rays. 
- 
.i- 
- ... . .rl 
.-: - 
In our  exper ience  z r a p i d  d rop  i n  ~ ~ s - v o l t a ~ e ,  development of an  early diastolic 
-a 
g a l l o p ,  and changes d e t e c t e d  by u l t r a s o n i c  ca rd iac  echograms (CEG) have been 
Cr 
. . t h e  earliest  r e l i a b l e  s i g n s  of r e j e c t i o n .  -e 
The c a r d i a c  echograms were obtained a t  t h e  bedside  bgginning with the 
. 
second p o s t o p e r a t i v e  day o r  when t h e  records  were adequate f o r  a n a l y s i s ,  The 
echograms were made w i t h  t h e  t ransducer  placed i n  t h e  t h i r d  o r  f o u r t h  inter- 
: c o s t a l  space  a t  t h e  l e f t  s t e r n a l  border and d i r e c t e d  t o  record  echoes from the 
a n t e r i o r  c a r d i a c - w a l l ,  i n t e r v e c t r i c ~ ~ a r  septum, and l e f t  v e n t r i c u l a r  p o s t e r i o r  
F 
w a l l  j u s t  below t h e  m i t r a l  valve.  ~ransd;cer  p o s i t i o n  was marked on the ches t  
w a l l  w i t h  i n d e l i b l e  i n k  whi le  t h e  p a t i e n t s  were i n  t h e  h o s p i t a l  and s t e r i l e  
g r a p h i t e  was i n j e c t e d  subcutaneously t o  mark t ransducer  p o s i t i o n  p r i o r  t o  the 
p a t i e n t s  l e a v i n g  t h e  h o s p i t a l .  Figure 1 shows t h e  type  of record  used f o r  
. . 
-analys is  and i s  i d e n t i c a l  t o  t h a t  described previously  f o r  measurement of left 
ventricular p o s t e r i o r  w a l l  th ickness  and chamber s i z e  (5, 6) .  Overa l l  cardiac 
A > .  
diameter  (AW-Pi?) from t h e  a n t e r i o r  ca rd iac  w a l l  t o  t h e  p e r i c a r d i a l  s u r f a c e  of 
r. 
t * -  
t h e  l e f t  v e n t r i c u l a r  p6s t e r i o r  w a l l ,  p o s t e r i o r  w a l l  th ickness  (PW) from the 
p e r i c a r d i a l  s u r f a c e  of t h e  l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l  t o  i t s  endocardial 
- s u r f a c e ,  l e f t  v e n t r i c u l a r  i n t e r n a l  diameter (LVID) from t h e  endocard.ial surface 
of the l e f t  v e n t r i c u l a r  p o s t e r i o r  wa l l  t o  t h e  l e f t  s i d e  of t h e  i n t e r v e n t r i c u l a r  
septum, and r i g h t  v e n t r i c u l a r  diameter (RID) from t h e  r i g h t  s i d e  o f  the inter- 
v e n t r i c u l a r  septum t o  t h e  a n t e r i o r  ca rd iac  w a l l  o r  deepes t  ches t  w a l l  echoes 
D 
were determined from t h e  echograms (see Fig. 1). I n  add i t ion ,  t h e  mean vel- 
- ocity and t o t a l  ampli tude of t h e  p e r i c a r d i a l  echo during s y s t o l e  was measured 
o' 
. 
s i n  t h e  p a t i e n t s  l a t e r  i n  t h e  series. 
. 
These v a r i o u s  measurements were q u i t e  reproducible  and v a r i e d  only a 
. 
. 4  
, . 
. few millimeters over a prolonged per iod .of t i m e  when t h e  p a t i e n t s  were in a 
. - s t a b l e  state. Th is  was b e s t  s h o ~ m  i n  a p a t i e n t  who was followed f o r  -.- . four months 
wi thout  any s i g n  of r e j e c t i o n  b u t  who f i n a l l y  d ied  of fulminant  serum hepatitis. * 
In t h i s  p a t i e n t  t h e  echographic parameters v a r i e d  l i t t l e  throughout h e r  course 
and t h e r e  were no sudden changes. It is of no te  t h a t  t h e  Pl?T measured a t  
-a 
necropsy w a s  t h e  same a s  t h a t  measured from t h e  echogram on t h e  day of  death,  
-F igure  2 shows t h e  type  of changes t h a t  a r e  seen i n  t h e  echogram dur ing  
-. - acute r e j e c t i o n .  The b a s e l i n e  record ( l e f t  panel ,  -Fig. 2) was taken on t h e  
kecond p o s t o p e r a t i v e  day w i t h  t h e  p a t i e n t  c l i n i c a l l y  w e l l ,  having normal vital 
s i g n s ,  and n o t  on p o s i t i v e  i n o t r o p i c  agents.  The f o u r t h  pos topera t ive  day 
-. 
t h e r e  was a sudden drop i n  QRS vo l t zge  o f - t h e  ECG and t h e  P W  had increased 
. . 
by 4 nun. s i n c e  t h e  b a s e l i n e  record. Rightward a x i s  s h i f t  of t h e  ECG occored 
later t h e  s a n e  day co inc iden t  wi th  an i n c r e a s e  i n  the  RVD of 3 mm. By post -  
o p e r a t i v e  day n i n e  t h e  p a t i e n t  was i n  a s t a t e  of c l i n i c a l  shock d e s p i t e  nassive 
imunosuppressive and c a r d i a c  i n o t r o p i c  ther&. The i n c r e a s e  i n  t h e  PCT, 
RVn, AW-PW, and decreased l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l  motion can be seen 
. . 
- in-the A g h t  pane l  of Fig. 2. It is  of i n t e r e s t  t h a t  t h e  admin i s t ra t ion  of 
i s o p r o t e r e n o l  caused an i n c r e a s e  i n  t h e  amplitude 2nd v e l o c i t y  of motion of t 
. . 
the p o s t e r i o r  w a l l  echo. The' echographic PIU on pos topera t ive  day e leven was 
the same a s  t h a t  measured a t  necropsy l a t e r  t h a t  day. The r i g h t  h e a r t  w s s  
0 . .  
d i l a t e d  and t h e  myocardium showed a severe  inflammatory r e a c t i o n  wi th  edema, 
. - 
arteri t is ,  and p l a t e l e t  thrombi i n  t h e  smal l  v e s s e l s .  
Another case  i l l u s t r a t e s  t h e  changes i n  l e f t  v e n t r i c u l a r  p o s t e r i o r  w a l l  
motion more c l e a r l y .  The e a t i e n t  was recovering normally through t h e  'second 
p o s t o p e r a t i v e  day b u t  showed a decreased QRS vol tage  and .- . e c t o p i c  f a t r i a l  b e a t s  
- on t h e  morning of t h e  t h i r d  pos topera t ive  day. This  was followed wi th in  
twenty-four hours  by t h e  appearance of an e a r l y  d i a s t o l i c  ga1lop;r igbt  axis 
shift of t h e  ECG, and e l e v a t e d  jugu la r  venous p ressure .  A f t e r  t h r e e  days of 
i n c r e a s e d  s t e r o i d  dosage and ac  t inokycin-D t h e  h e a r t  s i z e  began t o  decrease on 
. X-ray, t h e  ECG re tu rned  toward t h e  b a s e l i n e  measurements and t h e  p a f i s n t  
' " a  
improved c l i n i c a l l y .  1he a c u t e  changes and t h e i r  r e v e r s a l  wi th  therapy es tab-  
4 
H s h e d  t h e  d i a g n o s i s  of r e j e c t i o n  f i rmly  i n  t h i s  p a t i e n t .  The sequence of 
% 
- 
echograms i n  Figure  3 shows t h e  decreased l e f t  ~ e n t r i c u 1 a r ' ~ o s t e r i o r  w a l l  
. v e l o c i t y  and ampli tude,  and increased h e a r t  s i z e  seen wi th  r e j e c t i o n , ,  and 
t h e  r e v e r s a l  of t h e s e  changes a f t e r  therapy,  
The same type  of  changes a s  seen i n  another p a t i e n t  a r e  shown by repre-  
. s e n t a t i v e  echograqs i n  F igure  4. The donor h e a r t  had pre-exis t ing  r i g h t  bun- 
* 
- d l e  branch block and unfor tuna te ly  a uniform ECG l ead  was n o t  used in t h i s  s e t  
6 
of records .  With r e j e c t i o n  t h e  PIIT, RVD, and AII-PN inc rease ,  and t h e  p o s t e r i o r  
- w a l l  motion decreases .  With s u c c e s s f u l  therapy these  changes a r e  reversed,  
i 
This  p a t i e n t ' s  p o s t o p e r a t i v e  course i s  summarized i n  Figure  5. Note the 
. 4  
sharp  changes i n  t h e  RVD and AIJ-PV at  t h e  time t h e r e  i s  an abrupt  drop i n  
t h e  QRS vol tage .  In t h i s  c a s e  an . increase  i n  t h e  PNT could n o t  be  appreci2ted  
= .  
u n t i l  t h e  next day. 
b t: f. The course  of a ~ o t h e r  is summarized i n  Figure  6. IIere the PhT 
- - 
inc reased  a t  t h e  t i m e  t h e  QRS vol tage  dropped, t h e r e  was an i n c r e a s e  i n  AW-i?W 
and RVD a t  t h e  t i m e  of a  r i g h t  a x i s  s h i f t .  Therapy caused a temporary r e v e r s a l ,  
but t h e  PCIT,AW-PN, and v o l t a g e  again changed a f t e r  s t e r o i d  dosage was reduced. 
The p a t i e n t  was r e - t r e a t e d  later wi th  f i n a l  s h i f t  of a l l  parameters toward 
- b a s e l i n e  l e v e l s .  But n o t e  t h a t  t h e  a x i s  s t ayed  s t a b l e  a f t e r  t h e  i n i t i a l  ther-- 
. r" 
- apy as d i d  theRVD. A t  t h e  time of t h i s  p r e s e n t a t i o n  t h i s  p a t i e n t  i s  four teen  
months - p o s t - t r a n s p l a n t a t i o n  and doing w e l l .  a- 
Our f i n d i n g s  are summarized i n  Table 1. We have at tempted t o  correlate 3 
the o b j e c t i v e  f i n d i n g s ,  us ing  var ious  methods, wi th  t h e  sequence of p a t h o l o g i c  
4i 
processes  which occur  dur ing acute  r e j e c t i o n .  Tne r e j e c t i o n  r e a c t i o n  seems 
t o  p rogress  through s t a g e s  of c e l l u l a r  i n f i l t r a t i o n ,  wi th  e n d o t h e l i a l  injury 
and edema f o ~ m a t i o n ,  followed by s t a s i s  and thrombosis i n  t h e  c a p i l l a r i e s  and 
venules ,  wi th  a c u t e  a r t e r i t i s ,  and f i n a l l y  severe  niyocellk.ar n e c r o s i s  w i t h  
hemorrhagic f o c i .  We b e l i e v e  t h a t  we a r e  a b l e  t o  d e t e c t  the  process  at its 
. . 
onse t  a ~ d  by us ing proper  therapy,  hopeful ly  w e  avoid the  more des t ruct ive .  
advanced s t ages .  This  enables  us  t o  maintain our p a t i e n t s  on decreas ing dosage 
- .  
. . 
.of imiiunosuppressives in' o r d e r  t o  diminish t h e  chances of severe  and life 
- .  
t h r e a t e n i n g  i n f e c t i o n s .  This  p r o j e c t  us ing u l t r a s o n i c  techniques has  had 
- I  
s e v e r a l  r e s u l t s .  The changes seen i n  the  eEhograms a r e  among t h e  e a r l i e s t  
d e t e c t a b l e  by the p r e s e n t  means and thus t h e  CEG continues t o  be used i n  
fol lowing such p a t i e n t s  a t  S tanford ,  Also, we have convinced ourse1i;es t h a t  
r a p i d l y  occurr ing and f i n e  changes i n  c a r d i a c  measurements can be  r e l i a b l y  ob- 
.served w i t h . t h e  CEG. And f inal - ly ,  t h i s  s tudy 'has helped t o  confirm t h e  pre- 
v ious  t h e o r e t i c a l  exp lana t ions  of such f ind ings  a s  decreased QRS vo l tage  an6 
- .  * r i g h t  &is s h i f t  seen dur ing r e j e c t i o n  by providing an i n  v ivo  c o r r e l a t i o n  
of' t h e s e  events  wi th  changes i n  c a r d i a c  anatomy . 
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Figure  1: Echogram taken on t he  fou r th  postoperat ive  day,ACW = a n t e r i o r  chest wall; 
AW=PIJ = o v e r a l l  h e a r t  diameter; RVD = r i g h t  ven t r i cu l a r  diameter; 
I V S  = f r l t e rven t r icufa r  septum; I;VD = l e f t  ven t r i cu l a r  diameter; P \ E  -- 
' p o s t e r i o r  w a l l  th ickness ;  L = lung; EKG = electrocardiogram (See Text )  
Figure 2: Basel ine  echogram on postoperat ive  day two. Echogram on postoperat ive  
day n ine  dur ing acu te  r e j ec t i on  (See Text) 
-. 
-. 
Figure  3: Echograms of M e  p e r i c a r d i a l  ec+o only with a superimposed scale of 
- .  
t i s s u e  d i s tance .  Baseline study dn postoperat ive  day two, d u r i n g  
' r e j e c t i o n  on pos topera t ive  day four,  and a f t e r  r e v e r s a l  of rejectLon 
. . d 
on pos topera t ive  day seven. 
-F igure  4: - Echograms . p r i o r  t o  r e j ec t i on ,  during r e j ec t i on ,  and a f t e r  r eve r sa l  of 
r e j e c t i o n  (See Text). 
.F igure  5: Pos topera t ive  course of t he  pa t i en t  shown i n  Figure 4 (See Text) 
& .  6 . 
pred = methylprednisi lone.  I 
t; =a \*' 
Figure 6: Pos topera t ive  course showing p a r t i a l l y  t r ea t ed  o r  recur ren t  rejection. 
(See Text) 
PWT 12 mm - PWT 2 2 m m  
RVD 2 5  mm RVD 3 4 m m  
AW-PVJ 99 rnm . ' A\Y.PVI 113 mrn - 
.P.YI. VELOCITY 80 m m l s o c  P.\V. VELOCITY 31 mmlsec 
- 
..  . . 
P.Q.D. 2 P.O.D. 4 
p ~ y .  VELOCITY 31 111mJsac p . ~ ,  VELOC~CY 92 nm'sec &$f.pW 116 m m  &W.PW t13 In!! 

